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Introduction

23
Wheezing and asthma are among the most common health problems in young children 24 and are major causes of emergency department visits and hospitalization in early childhood with 25 significant health services costs. 1, 2 Prevalence estimates for early childhood wheezing in 26 Ontario are 22%, and range from 10-19% for asthma. 3, 4 Established risk factors for childhood 27 wheezing include family history of asthma, male gender, exposure to tobacco smoke and 28 environmental allergens. 5 Emerging evidence suggests that vitamin D may be associated with 29 reduced risk of childhood wheezing and asthma. [6] [7] [8] [9] It is hypothesized that vitamin D may be 30 protective through improved immune function including better response to respiratory infections, 31 decreased airway inflammation, and optimal smooth muscle proliferation contributing to 32 improved lung development. 7 
33
A growing body of literature suggests that vitamin D exposure in utero may be important 34 in lung development and programming the immune system. [10] [11] [12] Several studies have identified 35 an inverse association between vitamin D intake, from foods or supplements, during pregnancy 36 and childhood wheezing and asthma in offspring. [13] [14] [15] [16] [17] Some of the studies of the association inverse association, 18 but not all. [19] [20] [21] [22] Two studies of cord blood 25(OH)D concentrations both 40 found evidence of an inverse association with wheezing in young children but no association 41 with asthma in later childhood. 23 , 24 
42
The relationship between early childhood 25(OH)D concentration and wheezing or 43 asthma is less clear. Two large studies found no association between 25(OH)D and adolescent 44 asthma 25 or wheezing 26 , whereas another study found low 25(OH)D at age 6 years was associated with increased risk of asthma at age 14 years. 27 Other studies have suggested that hospitalization and emergency department visits, among children with asthma older than 5 years 48 of age. 28 , 29 
49
The primary objective of this study was to evaluate whether vitamin D exposures, 50 including maternal vitamin D supplementation during pregnancy, child vitamin D 51 supplementation, or child 25(OH)D, were associated with risk of wheezing in early childhood.
52
The secondary objectives were to evaluate if the aforementioned vitamin D exposures were 53 associated with diagnosed asthma, or wheezing severity.
54
Methods
55
Participants
56
Healthy children 0 to 5 years (up to 72 months) of age attending scheduled primary care 
59
TARGet Kids! is a primary care practice based research network (www.targetkids.ca) and has 60 been described previously. 30 Children were recruited from 9 pediatric or family practice primary 61 care clinics in Toronto, Canada. Children were excluded who had severe developmental delay or 62 chronic illness (except for asthma) and if they were born less than 32 weeks' gestational age.
63
Study Design
64
A prospective cohort study was conducted. USA) and the R project for statistical computing (http://www.R-project.org).
146
Results
147
A total of 5161 eligible children were recruited into the TARGet Kids! cohort between follow-up for all children was 2.3 ± 1.2years.
153
The baseline characteristics of children with serum 25(OH)D measures were similar to 154 children without blood measures ( <75nmol/L and acute wheezing. 44 None of these studies used a prospective cohort study design 214 and all of them recruited cases from emergency departments 44 or hospital outpatient clinics 42 43 215 which may limit comparison to our prospective cohort study of children recruited from primary 216 care well-child visits.
217
In older children and adolescents, some cross-sectional studies have reported that low 218 25(OH)D concentrations are associated with increased wheezing. [45] [46] [47] However, our findings of a 219 null association are consistent with previous large prospective studies. [25] [26] [27] One of these studies 220 reported a statistically significant association between 25(OH)D at age 6 years and asthma at age 221 14 among males only, 27 we did not find a sex difference in our population of young children. It is a limitation of our study that we were not able to evaluate incident wheezing as our 250 questionnaire queried "wheezing or whistling in the chest at any time in the past". Maternal
251
report of supplement intake during pregnancy required recall, which may be subject to 252 measurement error and recall bias, although it would not be expected that recall would be 253 differential based on the outcome since wheezing was measured at a subsequent visit. We did not Hospital, Toronto, Ontario). a Adjusted for child sex, neighborhood income, smoker in household, maternal ethnicity, child in licensed daycare, age in months, zBMI, birth weight, hours of outdoor free play, and breastfeeding duration. All covariates were measured at baseline except family history of asthma and parent smoking which were derived from across all visits. 
